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INTRODUCTION AND SUMMARY 


This circular presents the method of making tests and apparent results 
of comparing performance of tungsten carbide insert bits and steel detachable 
bits by the Cleveland-Cliffs Iron Co, at the company's mines on the Marquette 
iron range of Michigan, The mines are at Ishpeming and Negaunee, Mich., and 
include the Cliffs Chaft, Mather "A", Cambria-Jackson, and Mather "B”, 


There are four general characteristic types of high-grade iron ore on 
the Marquette range. B. H. Boyum@/ classifies the Cliffs Shaft as "rerd-ore” 
and the Camtria-Jackson and Mather "A" as "soft-ore” types of deposit. Shaft 
Sinking through jasner, slate, and graywacke was in progress at this writing 
at the Mather "B", with completion at 3,100-foot depth in August 1949, 


The many different kinds of rock and ore at the mines of the Cleveland- 
Cliffs Iron Co. and the experimental work being carried on with carbide in- 
sert bits make it possible to compare, generally, the carbide insert and 
steel detachable bit. The type of "hard ore" at the Cliffs Shaft mine re-~ 
quired close study of the possible use of the insert bit, and their records 
are more complete than those of the “soft-ore" minss, 


History and development of tungsten carbide tips inserted in rock artsy 
bits have been covered by R. W. Adamson ,3/ Co He Vivian sy Reo. Sullivan ,2 
and others, 


Tungsten carbide insert rock bits have only recently been introduced to 
the domestic mining industry. Although unusual performance records are being 
reported at operations employing the insert bits, the general adaptability of 
the tool to all rock types and the advantages to be gained by using carbide 
insert tits remains to be demonstrated. Insert-bit performance is being 
observed at numerous mines and quarries throughout the United States, 


The several mining operations at the Cleveland-Cliffs Iron Co. at 
Ishpeming, Mich., is one site where exhaustive comparative tests of insert 
and conventional steel detachable bits are currently in progress. Results to 
date are sufficiently impressive to be of general interest to the mining 


2/ Boyum, Burton H., Geological Exploration on the Marquette Range: Min. 
Cong. Jour., vol. 31, No. 8, Aug. 1945, pp. 29-32. 
3/ Adamson, R. W., The Application of Hard Materials for Rock-Cutting Bits: 
~ Paper presented at the 1947 Annual Metal Mining Convention, Fl Paso, 
Tex., Oct. 27, 1947. Reprinted and distributed by Ingersoll-Rand Co, 
4/ Vivian, C. H., Carset Bits for Rock Drills: Compressed Air Magazine, vol. 
53, No. 11, Nov. 1948. Reprinted and distributed by Ingersoll-Rand Co, 
5/ Sullivan, R. G., Tungsten Carbide Promises Faster, Cheaper-Drilling: 
E& MJ. March, 1947. 
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industry. The causes of bit failure and the adaptability of the bits to 
various types of rock are being investigated, and a summary of apparent re- 
sults to date is presented in this report. 
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DESCRIPTION OF TUNGSTEN CARBIDE DRILL BITS 


There are several domestic distributors of a cemented carbide insert 
detachable bit, All distributors have different specifications on their 
tungsten carbide insert bits with regard to the hardness of the inserts, 
reaming edges, clearance grooves, double-taper angles, single-taper angles, 
and wing construction. Each design is intended to aid materially not only 
cutting of the rock but also clearing the cuttings from the back of the hole, 


Single-gage holes are recommended by some manufacturers, as gage wear is 
negligible in some formations, In other instances it has been found that the 
standard practice of reducing bit gage has improved over-all results, 


Reames classes the hardness of cemented tungsten carbide compositions 
as ranging from 85 to 93 Rockwell A, which corresponds to 67 to 62 Rockwell C 
and 9.0 to 9.e on Moh's geological-hardness scale, The manufacturers report 
excellent results on tests in many kinds of rocks, Under certain conditions, 
faster drilling speed, little if any gage loss, reduction of air consumption, 
end savinss in explosives consumption are a few of the many advantages that 
are reportedly gained from the use of the tungsten carbide cutting edge, 


6/ See footnote 3. 
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The types of attachments used on the rod for fastening the detachable 
carbide insert bit to the rod may be classified into three main types. These 
types of rod attachments are: ‘ 


Type "A" - A threaded attachment machined on the rod without a rod 
shoulder whereby the button of the rod bottoms in the bit and the hammer blow 
is transmitted at this point. 


Type "B" - A stud-type drill-rod attachment where a threaded stud is 
driven cold into the heated rod leaving a shoulder on the rod, The detach- 
able bit is turned on the threaded stud, and the shoulder of the bit. rests 
upon the shoulder of the rod; the hammer blow is transmitted at these points. 
The stud is made in sizes to fit yarious sizes of bits, The stud-type. drill- 
red attachment is shown in figure: 1. 


Type "C* - A threaded attachment. machined on the rod, jeunes a rod 
shoulder, The detachable bit is turned on the thread, and the shoulder of 
the bit rests upon the shoulder of ‘the rod; the hanmer blow is transmitted 
at these points, - nae type of threaded attachment is shown in figure a 


There is one er aeeachent that | may be classified as type ny’, In 
it, the tungsten carbide tips are welded directly to steel detachable bits 
or conventional steel by conventional oxy-acetylene brazing methods, 


The mines of the Clevelend-Cliffs Co. have experimented with all of 
these attachments, 


CLIFFS SHAFT MINE 


Because bit performance, among other things, is governed by rock types 
and mining methods, the condition under which comparative performance tests 
are made should be generally understood; therefore, the geology and mining 
method employed are briefly summarized. 


General Geologyl/ | 


' Ore occurrence is Sepemilat at the Cliffs Shaft mine, ranging fron 25 to 
150 feet in thickness and from flat to 60° dip. The ore is a hard, dense, 
' specular hematite and magnetite, In general, the high-grade iron ore is 
classified as “hard ore" and is found in the uppermost portion of the Negaunee 
iron formation immediately below the Goodrich formation, which is generally 
slate at the contact. The structure is a westward-plungt ng syncline, The 
ore follows the geological structure and not the bedding. Cross folding and 
both normal or multiple overthrust faults are mown, Numerous dikes cut the 
structure, some of them occupying the fault Zones» The ore horizon is under- 
lain generally by a thick "greenstone sheet, ' | | : 


“Locally there is an. Spenetsariig conglomerate series above the "hard ore." 
This series may lie directly on the hard ore, or it may be separated by a 
Slate member. Locally, the conglomerate is sufficiently extensive and rich 
to be minable. . 7 | 


Ee: “See foo Cc; et. 2 
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Figure 2. - Carbide insert bit 


Figure |. - Carbide insert bit 
with type "C" attachment. 


with type "B" attachment. 


Original from 


Digitized by : . . 
™ : Goc gle THE OHIO STATE UNIVERSITY 


- Mining Method. . 


Room-end-pillar open stoping is used at the Cliffs Shaft mine. The ore 
is opéried at 50-foot lévels by breast stoping. Rooms 35 feet wide, separated 
by pillars, are driven from henging to foot wall, As the group of parallel 
rooms along the vein is completed, the width of the..ore body is apparent, 
and the pillars are then cut by crosscuts into sizes 25 by 25 feet; however, 
the pillar may be larger, depending on the condition of the back. Mining 
proceeds by underhand stoping with drifters mounted on tripods. or. jackhammers 
with jackleg air-feed mounting. Approximately 30 percent of the ore is left 
in the mine in the form of pillars and floor arches. Slate, dike rock, or 
one of the conglomerate members will slack on exposure to air; and where the 
hanging wall is one of these formations 8 to 15 feet of ore is left for support, 


The miners work on a bimonthly contract system, receiving payment .on the 
basis of the number of cars of ore broken, , | 


Bit-Test Procedure — ae eee ae | 


Compilation of records of carbide insert bit use at the Cliffs Shaft 
mine was begun in February 1948, when 22 1-1/2-inch, 4 point, carbide insert 
bits with type "B" attachment were placed in service, The bits required a 
13/16-inch stud, and regular carbon drill steel was used. Until December 
1948, records were kept on the new and resharpened bits used in each contract, 
and the average fcotage drilled per bit was computed in feet.per bit use, 
Resharpened bits returned to a working place were not necessarily those that 
had been issued previously. 5S. W. Sundeen ,8/ recognizing that considerable 
differences in drilled fcotage were being reported from different.contracts, 
decided to initiate a record that would enable close observation of the. 
footage drilled in each contract with the type of drilling machine in use, 
The program, started December 1, 1948, includes a "Daily Record of Insert 
Bits Used" compiled in the form shown in table 1. ‘The procedure involves 
returning to each contract their own resharpened bits. A monthly summary 
has been made from the daily records for each contract, which shows the bits 
worn, stripped, total footage drilled, and feet drilled per bit, These ree- 
ords have permitted the engineering staff to verify each contract carefully 
and to determine the performance of the bits in the exceptionally hard drill- 
ing rock and ore and the more average ground. Also, experimental work can be 
carried on in each contract with respect to the type of drilling machines and 
different types of tungsten carbide insert bits. 


Keeping the record is not in itself difficult, as no more than 8 to 12 
new bits were issued originally to each contract. The miners usually bring 
a string of 5 to 7 dull bits back to the shop at. the end of each shift. The 
shorman sharpens the bits replaces new ones for discards, places them back 
on the bit string, and makes an entry after the contract number on the daily 
record of footage and bits used, If new bits are required, the entry is made 
under "bits issued," The daily record sheets are summarized monthly by the 
company's development engineer, 


ee 
&/ Sundeen, S. W., mine superintendent, Cliffs Shaft mine, Ishpeming, Mich., 
a personal communication. | | 
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TABLE 1. - Sample of aatiy > bit wieketelaie slay Cliffs Shaft mine 
DAILY — OF INSERT BITS USED CLIFFS SHAFT MINE . 


| Now’ pits ee ; 
pits issued: ‘returned | Discarded bits 


- Cont. No. Same New - 6 | Worn | Stxti ppe 
_ March 30: a a aa 2 | 
) eeeesocececeses 2 ol | 3 | 3 TT oo) 0 
Es stleaic ein eetoeee 6 0 6 6 87 | . 0 0 
coe deasdererece 5 : 0 ee) . 5 . 62 0 0 
i eee cee senrcncecs 9 1. LO LO Bh | l. : C 
eecoeveovesesenvecsd 0 200 | 0 0 
. ao 2 3 | g | 
oe ree re 3 0 3 3 110 0 6) 
C3 i.ivinweaw eae baes 6 8) 6 | .6 66 0) 0 
@cercerecssovee Bt aie = i oh 50 0 1 broken stud 
(ETerercererr ore 7 at O i mf . 19 ; a me} QO: 
(errr cre ere ee 10 O | 10 10. 1764: | 6) | 0. 
LO sgs7b0 0: 0'ae ee eeae 7 wi] 5 8. me) ; “a 
Je cccverasveccce 3 L | 4 i a | | - 0. P 1 
Ci cccedereoeere 3). 1 a 4 ). 90°. ce 0 : 1 
O3escreeececedncs | ‘| do 8 8 90 | O- 7 
April 1 | ae | a 
COs sioseseeweseee 9 0 al 9 ' Te a 2 0 
CO étiees suns 4 _ a 5 5 240 . | om Jak , 
JO0y etal ees 7 1 1 . oe ee 75 | om 1 broken stud 
CoC CE reo eereeD oa ape ae 1 30 | 9) 1 broken bit 
VOW 5-6 sveie sores bs o6's me! 5 @) . 5 { ‘ 
giargiceioreauteueecaas 6 | L 6 T 38 | e) l broken stud 
‘crore re ce reer ee . oe me 9 9 54 gio ss m’) _ 1. broken etud 
REREEE SEE REAL ee Cc 5 | 30 | rn?) 
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Cost comparison - Steel Bits and Tungsten ‘Carbide Insert. Bits 


At present, the clifes Shaft mine is using both steel] and. carbide insert 
bits but complete change-over to the carbide insert type is contemplated, 
Time studies with the steel detachable bit revealed that, in exceptionally 
hard drilling ground it took as long as 2 hours to drill a 5-foot hole, and 
as many a3 120 steel bits were needed to complete the ‘hole, A total of 1,000 
bits were needed to complete the round.Z g/ In the everage drilling ground, 
100 steel bite were needed for a adrift round, starting with a-2-1/8-inch steel 
bit in order to bottom the hole at 1-5/8 inches. In contrast, the 4-point | 
carbide insert. bit with type "B" attachment drilled » hole of. uniform diameter 
and in exceptionally hard ground has. a drilling speed of 1 to 6 inches per — 
minute, averaging 3 inched per minute, In average drilling ground, the drill- 
ing speed is 8 to 15 inches per minute. ee ie & F 


The burden on each hole was the’ same. with poth terse of. bite, The smaller, 
Single-gage blast hole reportedly required less dynamite than the tapered hole 
Madson, M. H., mining engineer, Cliffs Shaft mine, Ishpeming, Mich., 

personal communication, 
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drilled by the steel detachable bits, Under such circumstances the drilling 
time per man hour, air consumption, dynamite required, and the possibility 
of longer feeds and lighter drills all enter into the actual cost per foot 
of hole drilled. To obtain exact costs will necessitate records extending 


over a period of at least ‘a year after a ie aes ‘change-over to carbide 
insert bits has been meee | = 


The approximate mae of the steel detachable and the carbide insert - 
bit per foot of hole drilled is shown in table 2. sd 


TABLE 2. - 


Comparative cost per foot of hole drilled steel and: 
carbide insert bit, Cliffs Shaft mine Sea 


Type Total Feet| Cost..ibit per ft. | 

of feet | Bit |Bits| per | -of hole 
bit Period |drilledlusesl/|useda|bit use _-artiled 

Steel....| Mar. 18-June (123 ,7 i 0.0878...-- 

30, 1948 

Insert,..| Dec. 1948 0806 
Insert... | Jan. 1949 - 21132 
Insert,.s}| Feb, 1949 21285 
iInsert...| Mar. 1949 .1006 
Insert...| Apr. 1949 0856 
Insert...| May 1949 20736 
Insert,..| June 1949 0669 


1/7 A "bit use is defined ag a > bit that has been placed in service either 
new or resharpened. 


The table indicates that when a footage of over 160 feet per insert bit 
is obtained, the cost per foot of hole drilled is lower than the cost per 


foot of hole drilled with the steel bit, 


the insert bit averaged 165 feet per bit, and the cost was lower than the 


steel bit cost in the period from March 18 to June 30, 1948, 


In the record period of December, 


S. W. SundeenZ0/ 


considers the January, February, and March figures of "$0. 1132, $0, 1285, and: 
$0.1006, respectively, slightly high, because the.oumulative heed for culling 


to keep. stud threads in good shape f¢dll after the first of the year. 


The 


footage per bit gdined in April, May, and June passed the 160-foot mark, and 
the cost of the insert bit per Foot of hole drilled was less than the cost oe 
the steel bit, 


Results of. Use of > Tungsten Carbide Insert Bits | 


Table 3 summarizes the carbide insert-bit record from ea 20, ase, 
to December 1, 1948, 


10/ See footnote 8, 
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TABLE 3. - Tungsten carbide insert bit uses, Cliffs Shaft mine 
(drilling speed 3 to 18 inches per minute) 


No. of contracts 
ae mae tt? | uging carbide 
.- Period | : insert bits. 


SOENUEL Ye cosccscccsssccevecs 0 
February Feb. CO..cccccee |. 5 
Mar Ch sess 4:6 ees erere sc wqreueie e's ; ow 
April Apr. a cemwewas eas ° Me he 

BIEL Y oreo. se g:saoceiaw oieie: 6e ere W006: 7 10 
TUNG. oeccccccccsecscovecces | ; 7 . “AS ‘3 
JULYesssseescusaeeaeesacwee | "Be i ce 
AUGUB ts oocccecececrcccecees Wee, at 22° ) 
September's cecsccccaccccseas - “3900 
OCCOb Eh scsi se sv sweeeeeceees wo 4 ; 26 

sl oe UTIL Ta a ail 


paeine the Pere from May. 1,. “3548, ‘to. Rovenber 30, i948, 83, 566. fect 
were drilled with 3,547 bit uses, " averaging 23.7 feet per bit use. In con- 
trast to.the average feet per bit use with the carbide insert bit, the. steel 
bit, between March 18-, 1945, and June 30, 1948, averaged 1.627 feot per. bit 
use, which is. shown in table 2 under the column headed meee per bit use,” 


‘The. new method of keeping records, started December 1, 1948, snabiee the 
enginecring staff to determine accurately the footage per bt t with the. type — 


of drilling machine in use, Table 4 summarizes ‘the records: from December 1, 
1948, ‘to Say"T, "19H9. ee aoe = 


TABIE 4, - Summary _of Summary of tungsten carbide insert bit record, cliffs Shaft mine - 
PE, hy we? pcoscnee speed ranging from 3 to 18 inches per minute) | 
D : =e 


- . . {TPotal feet 
Month | ts oe drilled 
December WSs scececrececs 
January VOUS iccreeia cues een 
February 1949. sccccccccee 
March TONG sp eteareeesete oe 
Apra) TONG: scviccnies s-see sue 
May LOND. cakdieweuwsioas ion er: 
June Hen EEC ETL LE LES 


Experiments conducted in different working places during the period 
shown in table 4 convinced the staff of the Cliffs Shaft mine that the life 
of the insert bit was dependent on many different factors. Those factors that 
were most apparent were type of drilling ground, size of machine in use, up- 
stroke or downstroke machine rotation, and the miner's technique, A high 
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footage per bit was gained in December, but this was the result of the change- 
over in record keeping when new bits were issued to each working place. The. 
footage per bit slowly leveled off in January, February, anda March as discarded 
bits were returned to the shop. 


Drilling machines in use in December 1948 and January 1949 were the © 
following sizes: | 


2-1/2-inch bore jackhammer with. jackleg air-feed pinta. 
2-5/8-inch bore jackhammer with Jackleg air-feed mounting, 
32-inch bore drifters and stopers. 

3-1/8-inch bore drifters and stopers. 

3-1/2-inch bore drifters and stopers,. 


All of the above machines were upstroke rotation, Upstroke rotatiaom 
machines have the rotation on the upstroke of the hammer, and the full power 
of the compressed air delivers the blow to the steel. With the upstroke — 
rotation, failure was evident in the rod assembly and detachable carbide 
insert bit-attachment devices, varying to some degree in different working 
Places, depending on the sizo and type of drilling machine in use. Commonly, 
in drifting and breast stoping whén drilling back holes, the bit tended to 
run "tight and loose," which caused excessive thread ee and aetacuMenh= 
device failure. 


In an effort to soften the hammer blow of the drilling machines and 
reduce the attachment-device failure, experiments in one working place were 
conducted in February with a downstroke rotation-equipped jackhammer with 
JjJackleg air-feed mounting. Downstroke rotation machines impart rotation on 
the downstroke of the hammer, and the power of the compressed air is divided 
between rotation of the steel). and the hammer blow, The downstroke rotation 
gives a softer blow to the steel and tends to keep the bit tight on the rod, 
and the operator can crowd the feed of the machine and keep the bit close to 
the rock, 


This test showed that the increased rotative power of the downstroke- 
equipped jackhammer with jackleg air-feed mounting assisted in smoother oper- 
ation than an upstroke-equipped jackhammer, In addition, 97 feet per bit was 
averaged with the downstroke rotation machine » whereas, in contrast, only 57 
feet per bit was averaged with the upstroke rotation machine in the same 
working place in January, An additional experiment was conducted in March 
with the downstroke rotation in exceptionally hard drilling ground (drilling 
speed 3 inches per minute). The 4-point carbide insert bits previously used 
with upstroke rotation jackhammers in this working place had averaged 30 feet 
per bit, with 3 worn discards and 14 stripped discards. In the test with 
downstroke-equipped jackhammers, an average of 63 feet per carbide insert bit 
was obtained with four worn discards and five stripped discards, 


The increased footage that was gained from the carbide insert bits used 
with downstroke rotation jackhammers over those bits used with upstroke rota- 
tion jackhammers was noted almost immediately after the tests were begun, and 
as the results of increased bit life were evident with downstroke-equipped 
dackhammers, several jackhammers were changed over to downstroke rotation on 


Google 


March 18, The average footage: drilled per insert bit in all-working places 
prior to March 18 was 118, and after the change-over. of several: machines to 
downstroke rotation the average Increased to 132: feet per: bit; 


Several downstroke rotation machines were in use in April, and the 
average increased to 163 feet per bit, Further changes. in.May and June from 
the use of the tripod-mounted 3-1/2-inch drifter (upstroke rotation) toa 
2-5/8-inch jackhammer jackleg-mounted (downstroke rotation) resulted in a 
remarkable increases in footage, drilled por bit and 4 Buparentee): reduction 
in the cost of bit per foot of, hole: drilled (table 4).: 


The downstroke rotation with 2-1/2- si aca bone: jaciiamere 
with Jackleg air-feed mounting proved sunerior, as far as bit life is con-. 
cerned, to the upstroke rotation in the type of ore and rock found in the 
Cliffs Shaft mine. Further experiments conducted by. the engineering staff 
have shown that the 2-5/8-inch-bore jackhammer is. superior, in this instance 
to lerge-bore machines, and the downstroke rotation with the aaa machines 
has materially increased the ey erane. is per ee ; 


Drill manufacturers oo the upstroke rotation as standard, with down- 
stroke rotation used only ako Li cases where drilling is “in seamy and 
blocky ground, A. E. Lillstrom'slt/ studies have shown that the smaller-bore 
jackhamners (2- 1/2 to 2-5/8 inches) appear to be more suitable for drilling 
with the carbide insert bit in the ore and rock found at the Cliffs Shaft 
mine. In addition, downstroke rotation used.on the smaller machines is. a- 
definite improvement over. upstroke rotation, with respect to footage drilled 
per man shift and cost per. :earbide insert bit usey Prior. to ‘the use of car- 
bide insert bits, the standard stoping machine, was a 3-1/2-inch upstroke 
rotation drifter. drill on tripod mounting using Q=1/8-inch. starter steel, - . 
If further experimentation bears.-out.what has been discovered from December 
1948 through June 1949, the. 2-5/8- inch bore jackhammer with downstroke rota- 
tion and pneumatic jackleg mounting will be used as the standard drill uit. 


Further experimentation with the insert bit is pointed toward Benes a 
larger stud and bit to further ae Sp bacnment: devi ce: pes TUr es 


Obviously, the same eondit ions ‘akaer witek eh: Cliffs. ‘Shaft. cngiaserine : 
staff conducted these experiments. may not apply to other. mines and quarries | 
throughout the United States, but certainly the Cliffs Shaft people have 
demonstrated that in their case changing to.a lighter-type machine and soft- 
ening the hammer blow has lengthened the. life of the carbide insert. bit. : -. 
This. was achieved largely by reducing the failure.of the attachment: devices 
and allcwing the full life to. De gained from the. yoaeene cenpree inserts. 


7 Shenponing. Préctice ie 


From February 1948 to June l, igh, bits were aigeseeea on Bainch by 
3/8-inch silicon carbide wheels, These wheels were mounted on.an ees 
bench grinder, and the bits. were hand-held and. eee gas a4 


il; Lillstrom, A. a ae cnelaeee Cleveland cliffs Tren. Go., — 
Ishpeming, Mich. , personal communication. - | 
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Figure 3. - Bit skirt failure (type "B" attachment). 


Type | 


The skirt of this bit failed during drilling with a downstroke 
2-5/8-inch-bore machine. The ground was relatively soft, which caused 
rifling in the hole. Large pieces of cuttings apparently were broken 
off, which caused the bit to "square." The skirt of the bit probably 
failed because of the binding action of the rifled hole. The inserts 
are still in good condition. 


Figure 4. = Broken stud (type "B" attachment). 
Type 2 


Approximately 1/2 inchof the 13/16-inch stud has been broken off 
and riveted in the bit. The failure occurred while drilling with a 
downstroke 2-5/8-inch machine. The threads near the shoulder of the 
bit have been stripped beyond repair by continuing to drill after 
failure. Reduced drilling speed and chattering of the drill rod should 
indicate this type of failure to the miner before thread strippage 
occurs. If the failure is detected before the stud is riveted within 
the bit, the broken stud portion can be removed and the bit reused. 
This bit has given good service, as noted by the worn seating of the 
inserts. 


icltized Ere : Original fron 
Diaiizes by (GOK gle THE OHIO STATE UNIVERSITY 


Figure 5. - Thread strippage (type "B" attachment). 


Type 3 


Thread strippage that occurred while drilling with a downstroke 
2-5/8-inch-bore machine was caused by rifling. Riflingof the hole and 
squaring of the bit placed excess pressure on the bit, and failure in 
the threads resulted. This typeof failure can be compared to that of 
type |. The actual causeof breakage, rifling of the hole and squaring 
of the bit, is the same, but in this case the weakest link in the attach- 
ment assembly is the bit threads. The inserts and insert seating are 
in good condition. 


Figure 6. - Rod failure (type "B" attachment). 


type: 


This type of rod failure is common when using an upstroke machine. 
The rod has broken near the tapered end of the cold-driven stud attach- 
ment. Characteristic of drilling with upstroke machines in the Cliff 
shaft mine, the shoulder of the rod has been ground by the bit running 
tight and loose. The bit shoulder has ground into the rod shoulder 
approximately 1/8 inch. If failurehad not occurred in the rod, thread 
strippage would have resulted eventually. In converting to a down- 
stroke machine, the failure is transferred from the rod to the threads 
and bit skirt; however, longer life is assured to both rods and bits. 


piatizes by (GOK gle THE OHIO oe : UNIVERSITY 


Figure 7. - Insert failure (type "B" attachment). 
Type 5 


This typeof failure occurred while drilling in exceptionally hard 
ground (drilling speed approximately 3 inches perminute). The machine 
in use was upstroke with 2-5/8-inch bore. Here, squaring of the bit 
as noted in type | is not in evidence. The bit has been resharpened 
many times and has given good service. Undue strain was not placed upon 
the attachment devices by rifling because of the natureof the ground. 


Figure 8. - General insert failure (type "A" attachment). 
Type 6 
This 2-inch bitwas used with a 34-inch upstroke drifter. Approx- 
imately 60 feet was obtained before insert failure occurred. As is 


evident in the picture, the threads are approaching failure, and the 
bit life was limited regardless of the condition of the inserts. 


Diaitzes by (0 gle THE OH re ia VERSITY 


Figure 9. - Rod and stud failure (type "B" attachment). 
Type 7 


This type of failure is common when an upstroke machine is used. 
The failure is comparable to that of type 4, but breakage has occurred 
in the stud attachment rather than in the rod. As is common when 
drilling with upstroke machines in hard ground in the Cliffs shaft 
mine, the bit has been running tight and loose. The bit shoulder 
has ground into the rod shoulder approximately 1/16 inch. Failure 
such as type 4 and 7 will not, as a rule, damage the bit. 


Figure 10. - Stud failure on threaded end (type "B" attachment). 


Type 8 


This is the principal type of failure in the Cliffs shaft mine 
after the change-over from upstroke to downstroke drilling machines. 
The breakage has moved from the back portion of the cold-driven stud, 
as is shown in figures 6 and 9, to the threaded end of the stud; however, 
longer life is gained before failure by using the downstroke machine. 
In many cases of this type of failure, the bit can be reclaimed by 
removing the broken portion of the stud. 


» Google 
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From June 1, 1949, a bit grinder has been in use, The bit grinder is. 
mounted with a 12- by l- by 1-1/4-inch silicon carbide wheel. The bits are | 
hela in a forming head. Water is used in this grinding, but only on the bit 
and not on the wheel. The wheeis will dress from 130 to 150 drill bits. In 
the sharpening process bits are restored to proper cutting angles and taper, 
As a consequence, bit life seems to be increased, 


Common Types of Carbide Insert Bit Failure 


Improvement of the cutting edge of the carbide insert bit over that of 
the standard detachable rock bit has resulted in transferring failure and 
breakage to the attachment devices, In the experiments being conducted by 
the engineering staff at the Cliffs Shaft mine, it was found that failure 
is more likely to occur in any part of the attachment assembly other than 
the cutting edge. In many working places, actual worn inserts are in the 
minority, and the failure is transferred to portions of the rod, stud, and 
bit shoulder, skirt, or threads. Transferring failure of other parts of the 
attachment assembly indicates the necessity for investigation by the manufac- 
turers of possible improvement of the attachment devices. Such improvement 
may come about through strengthening the parts of the bit, rod, and stud 
where failures are occurring. 


Usually, when the inserts have become well worn, and their seating 
support has been thinned by constant resharpening, one of the inserts will 
either drop out of the seating or fracture to such an extent that only three 
cutting edges are in use. Complete destruction of the three remaining in- 
serts is almost immediate after the failure of one insert. Breakage of one 
insert also will occur when the shoulder of the bit is not seated squarely 
upon the rod shoulder, 


Upstroke-type drill machines may have been responsible for a serious 
type of insert-bit failure when back holes were drilled in drifting. In 
some contracts, where the ground is exceptionally hard (average drilling 
speed 3 inches per minute), the bit will run tight and loose on the threads 
and grind the shoulder of the bit into the shoulder of the rod, if the 
attachment devices of the rod do not fail under the grinding action, the 
bit threads will strip with resultant irreparable damage to the threads. 


Experiments are being conducted on possible methods of salvaging the 
inserts in partly destroyed bits and replacing them in bits with worn in- 
serts but otherwise in good condition; however, considerable experimentation 
will have to be done before it is determined if such a plan is economically 
feasible. 


The more common types of failure in the Cliffs Shaft mine are shown on 
figures 3 to 10, inclusive, Failures have been classified into eight 
general types, | 


3584 - 11 - 


Google 


MATHER "A" SHAFT MINE 


General Ge FOG! 


B. H. Boyumese lef. classifies the general type of ore in the Mather "A" as 
a 'boft ore" dscceit lying on the footwall Siamo slate within the Negaunee 
iron formation, The ore is 4 soft red, brown, and purple earthy hematite . 
and goethite locally well compacted, ‘The principal structure is that of a 
westward-pitching synclinorium open at the west end, The ore follows the 
geological structure and not the bedding. The footwall ore bodies are found 
in structural troughs formed by faults, folds, and dikes intersecting the slate. 


| Mining Method - 


Sublevel radial @rill stoping and block on is used.at the Mather 
"A" shaft mine, The ore body is developed by a series of sublevels for. 
stoping at vertical intervals of 25 to 50 feet. Mining begins on the high- 
est sublevel retreating back in a direction ‘parallel to the strike toward 
the central point raise, The bottoms of the sublevels are covered with 
plank to form a good floor over which to scrave. Caving is begun at the ends 
of the sublevels by blasting cuts (mills) above the timber set, Long-hole | 
radial drilling is then started from ‘the end of the sublevel.’ The broken 
ore entering the sublevel through the mills is dragged by power anon 
into the raise, Timber sets are not rccovered, 


Bit-Test Procedure _ 


Insert bits with type "B" and type "Cc" atiscinenes are used at the 
Mather "A" in main-level and sublevel rock-dvift headings. Auger steel is 
used in ore development, and 2-1/l-inch steel bits are used in stoping. 
Economically, the steel bit is superior to the insert type in soft ore where © 
the radial holes are required, In the "soft cre,” drilling speed with the . 
steel detachable bit averages 13 inches per minute, and it is not unusual 
to drill 50 to 100 feet per bit. The possibility of losing the hole, rod, 
and bit in the blocky grotnd is ever present; and-under such ‘circumstances 
the use on insert type bits increases the cost per foot of hole drilled, . 
Further, the economy of changing over from the steel bit (coat, about $0.40) 
to an insert type (cost, about’ $15) is questionable where a drilling speed 
of 13 inches per minute can be optained with the 2-1/4- inch steel bit. 


Usually the procedure followed in all other working faces me the mine, 
especiaily those in barren rock, ‘is to keep records of the performance of 
the insert bit until it is determined whether it is cheaper to use them than 
steel detachable bits, . If it is found to be cheaper to use insert bits, the 
records are dropped, complete conversion is made to: insert-type bits, and 
experimentation is started at some other working face. 


Results of Use oP Tungsten Carbide insert zats 


H. Korpinen-2 13/ reports that records: of comparison batouen the steel 
detachable bit and the insert bit with type "C" attachment, while drifting 


1l2/ See footnote 7. 


13/ Korpinen, Hugo, operations engineer, Mather "A” mine, Ishpeming, Mich., 
personal communication, 
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in slate, disclose that the performance of the carbide bit is superior to that 
of the steel bit. Drilling time hes been cut to approximately half that re- 
quired with the steel bit. Drift footage per man hour has been increased, and 
the actual over-all cost of drifting has decreased, 


Complete records on drifting with different types of bits were not avail- 
able at this writing. General comparative data on the use of 3-inch and 3-1/2- 
inch upstroke rotation drilling machines are summarized in table 5. 


“TABLE 5, - General comparative data on the use of l- -1/2-inch insert bit 


with type "C" attachment and Mather "A" ateel bit, 
2-1/5 to 1-3/4 inches 
as 7. 


| | (Chrome- | 
Total | | Average plated ! | Cost of 
Type | length | Total drilling | threads) | Feet | bit per 
of of | footage speed, | No. of | per foot 
DEG drift, ft. | drilled |in./min. | bits used , bit drilled 
Insert (type "C".. 400 13 ,600 20 i ile 1,133 $0.01 
Steel ditvecsceoee : | 10 | ee .06 


Gage loss on the carbide insert bits used was slight after the above 
tests were completed. Insert wear was not excessive, but thread strippage 
failure was common, Further efforts to gain greater footage from the bits 
with strinped threads has been directed toward silver-soldering the bit 
directly to the rods. Present practice will be to continue soldering the 
bits to the rods until all inserts are destroyed, 


CAMBRIA-JACKSON MINE 


The Cambria-Jackson mine is classified by B. H. Boyum— U/ as containing 
the "soft ore” deposits that lie on the footwall Siamo slate. The geology 
and mining method are similar to thoce of the Mather "A" mine. 


Extensive drilling testa have not been made, but W. R. Aitkins25/ reports 
that tests with a 1-1/2-inch insert bit with type "3" attachment were made 
during the advancing of two.310-foot rock raises, The rock was a hard dense 
slate. 


Raising wae done with e stoper using straight-shank, l-inch, quarter- 
octagon steel, Air pressure was 90 pounds and water pressure 50 to 60 pounds. 
Table 6 gives the information gained from these tests, 


TABLE 6. - Drilling record of 1- -1/2-inch insert bit with type "B" 


attachnent in hard,. dense slate, Cambria-Jackson 


| Total Footage | Cost of 
number | drilled ; bit per 
foot 

drilled 


Total footage i drilled | Number 
raise and per 
arift a 


7 (lc ene re ae ene art 


1G] See footnote 7. - 


15/ Atkins, W. R., mine superintendent, Cambria-Jackson mine, Ishpeming, 
Mich., personal communication, 
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‘Upon completion of the teat, six bits were still in usable condition. 
Gauge loss was slight. Loss of inserts and rod wear was not excessive. In 
ecme instances, _ the studs Loosenod after continuous rod MSOs, 


Further tests are “terns saa to compare euros: of other types of 
insert bits with that of the one with type "B" attachment. 


~ MATEEGR “B" SHAFT | 


At this iting. sinking fe dn: progress. at the.Mather "B". shaft on-a’- 
daily 3-shift bDhsis, Daily shift reports kept by the shaft forcemen date 
back to October 21, ‘LOKT. 


The shart has: penetrated gencrally five aifrorent sertes of beds. In 
succession, from the dae iaechen covayere these ares. Jaspor, slate, graywacke, 
aaa end. ay quartzite. - ; eee ass he | a 


maces ankdwe cee Oe ee ee » Eq ulpoment~ ‘ 


Jackhamicra are used for sinking, Upstroke rotation is generally used, 
but .in places where seomy, blocky ground is. encountered ang fitchering is | 
notcd, the rotation is changcd to downstrokc, Stecl bits were used from 
October 21,1947, to November 22, 1947, and after November 22, 1947, the 
stccl-bits were repiaccd with ll/e- inch insert bits with the type "B" | 
ettachnents, 


Bit-Test Proccdure 


.The thsert’ bite are rot run to dcatruction of the inserts, In the down- 
holes, euch as are ncecessery in sinking opcrations, the bits lose gage to the 
extent that they. can be resharpcned only twice. ‘The procedure followed is to 
place the resharpencd bits on the longer stccl changes and the new bits on _ 
the starters, The bits that have beon taken out of use in the shaft are being 
saved for future mining operetions, In sinking, the firet 10 inches of the: 
hole are drilled with 2-1/4-inch steel bits. This serves for placement of a 

“muck pipe,” which keeps out rock fragments snd allows the cuttings to clear 
ical the hole. The average depth of a sheft round was 6.9 feet. Ss 


Rasubes of Use of Tungsten Carbide Tasent Bite 


J. S. Weetwater26/ reports that after the changeover from steel de tach- 
able bits to. insert. pits, -the number of holes’ ‘per round remained cde game , 
but powder consumption, was. reduced: opproxingitely. one-half... 


The footage per bit used in each rock type encountered ¢ as sinking 
progressed is shown in table Te | 


16/ Westwater, J. S., mine ‘euperintendent, Mather "BY shaft, -Ishpeming, 
Mich., ‘personal communication. 
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TABLE 7. - Drilling record of insert bits with type "B" attachment and 
| steel bit in sinking at Mather “B- shaft 


| Total | Average . Total Average feet 


aaa insert | feet drilled | steel bit drilled 

‘Type of .. - | | footage per insert footage per stecl 
formation. {| drilled | bit: | =~arilled bit 
JASUEY. seescdaniiavetedees| 200,408 » Ofe3. ‘1, 13,837 6.3 
SIAUS facies soceccteewes 31, 162 85.4 3,280 9.1 
GYOYWACKCssescceeccovcees| 25,551 49.7 | 2,855 6,1 
GUAe icancesee nec acne fo 11,625 85.5 | 1,460 Set 
Slaty quartzite. .ccccsecs| 3,059 50.8 490 41 

ee ed 70.3 62 


Table 7 demonstrates the uniform arilling clavactertsties of the insert 
bit before it has been run to destruction, The average footage drilled per 
bit in slate in two different periods of shaft sinking is almost identical. 
This is in contrast to that obtained from the Cambria-Jackson mine, where an 
average of 232.7 feet per bit was obtained in raising through a hard, dense 
slate. The graywacke and slaty quartzite in the shaft are somewhat similar 
rocks, and the uverage footage ver bit is also ebout the same in each rock, 


Drilling time with the insert bit was half the drilling time with the 
steel bit. Prior to the employment or insert bits, an average of 10.5 feet 
was drilled in 1 man hour; with type "B" bits 21 Feet was drilled in 1 man 
hour. Pased upon the averace cut per round of 6,9 feet, one man could drill 
three holes per hour with the insert bits whereas, otherwise, with steel bits, 
only 1-1/2 holes could be drilled per hour. Such a reduction in man hours of. 
drilling time has resulted in a considerable saving in compressed-air consump- 
tion and the Bere economies to specdier sinking progress. 


Common Types of Carbide Insert Bit Failure 


Bit and insert failures are unusual at the Mather "B" shaft, as the bits 
ere taken out of use when gage is lost to the extent of 1/16 inch, The more 
common types of failure of the attachment devices” are similar to those round 
at the Cliffs Shaft mine. 


The records kept: by the blacksmith shop disclose that between October 2; 
1948, and to May 1, 1949, there were 1,645 failures of attachment devices and 
rod aacouieae., a this period the shaft penetrated Pour formations - jasper, 
slate, @raywacke, and slaty quartzite. The percentage of failures of each 
type of device follows: - 


| _ Percent 
Broken BUUdS ser s-sste-disaureewaveewiee 12.2 
<BR OKGNi FOGG sewae sau wines eueiee'se bei 31.4 5 
jo fo Loose BUGS ss.acwie eee n'e ese 5 ese 10.3 
.-+ Broken’ SHANK. os nes soe ease bnia cies 16.0 


Stripped THYCOOS ss vestwesenees.ees ot 
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The stud usually breaks at about 1 inch back from the rod shoulder. 
This is the site of mony similar failures at the Cliffs Shaft mine when 
attachment devices fail while ees aaa rotation machines. The. type 
of -fatlure-ie shewn- in- figure- ae liaise Se ee 


| ~ Of the ‘total Ped ures: : 10, 3- percent were ~ Loose studs. - Pais -type- of - - 
failure is unusual in the “hard ore" at the Cliffs Shaft mine, but it 
occurred in some instances in the Cambria-Jackson mine after. continuous rod 
use during raising operations in a hard, dense slate. The absence of the 
.type..of . failure oat. the Cliffs Shaft. mine, and its occurrence ih sinking at 
the se 2B shoft and ieee at the pencbephipenita suggest that. possibly 


. * > @ @& >» = & 
es * © 2. © Ff © @ * @ @ 
* fe es e @ © &@ F &F oF 2. ee 
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‘Cloveland-€1iffe — COs, ee -in aaphines: pelnier oe ‘leng thened- the. 
life of the carbide insert bit. Bricfly, light drilling mochines with a 
- downstroke rotation and a relatively soft hemmer blow were required in "hard 
ore;" heavier machines with upstroke rotation have proved satisfactory in the 
country -rock of the "soft-ore" deposits; and a 55-pound class, upstroke, rota- 
tion jackhemmcr is the most suitable for sinking through jasper, slate, gray- 
wacke, and slaty quartzite.- The use of. the carbide insort bit has contributed 
towards aon incrcase in footage drilled per man hour, reduction in air can- 
sumption, ard reported savings in dynamite at both the “hard-are"” and "soft- 
ore" mines and in shaft sinking at the Mathcr "B", The tungsten carbide in. 
Bert bit costs are less than those of the steel bit per foot of hole drilicd 
‘at the "soft-ore" mines; at the “hard-ore" Cliffs Shaft: mine the coat is less 
when the insert bits average over 160 feet of drilling. 


ee ‘The eiesten cerbi dc ‘insert bit has a acfinite eincen in rock-arilling 
practice, but careful cxporimentation by cach mining operator in his own. type 
of rock will be neccssary before time-tested methods of rock drilling canbe 
discardcd, In many minos, combinations of both types of -bits - stecl detach- 
able ond carbide insert - "may prove to be most feasible to effect economy of 
operation, There is. no. standard rock by which the performance of different 
types of bits can be measured, Each generat ‘type of mine rock is an ayes 
dual ree of bit Dereereene es - 


‘Guscatons sontansiating a enmiae -over fron the eeaaeh steal: detach- 
able bit to the carbide insert type or inserts hayd-set on conventional steels 
will probably discover, in certain kinds of rock, o, maximum drill speed 
. above which the change-over is not economical. A. E. Lillstranl{/ feels that 
the economical drilling speed with the steel detachable bit at: the Cleveland 
- Cliffs mines ronges: between 20 to 24 inches per minute. In-warking places 
where the drilling speed is below this yange, use of the carbide insert dit 
will give a lower cost per foot of advance or per ton -of ore broken; and above 
the range the steel bit will give a lower cost per foot of advance or per ta 
of ore broken, There may be a differerit econamical speed range for each ty? 
cf rock or ore, but once the speed range .ig well-established, working places 
Where carbide insert bits.can-be employed at .léss cost will become evident. 


See Footnote i. Pee 
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